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INTRODUCTION 


Fracture  toughness,  whether  measured  as  or  J];^  Is  a  valuable 
measurement  of  a  material's  tolerance  of  pre-existing  defects  and  many 
engineering  applications.  The  present  method  for  determining  (ASTM  Method 
E-813  on  Jjg,  A  Measure  of  Fracture  Toughness)  allows  to  be  measured  by 
either  a  compact  tension  (C(T))  sample  or  a  three-point  bend  sample  (SE(B)). 
Sometimes  It  Is  difficult  to  obtain  specimens  of  these  geometries  from  certain 
structural  components  such  as  cylindrical  pressure  vessels.  The  arc-tension 
(A(T))  sample  Is  easily  obtained  from  such  cylindrical  components.  This 
report  summarizes  the  results  of  an  Initial  study  Into  the  feasibility  of 
using  A(T)  samples  for  testing. 

CALCULATION  OF  J  FOR  A(T)  SAMPLES 

The  A(T)  sample  (Figure  1)  encompasses  a  large  range  of  possible 
geometries.  This  is  due  to  the  variability  of  R2,  Ri,  and  X.  For  this  sample 
to  be  of  the  most  use,  restrictions  on  R2  and  R^  cannot  be  allowed,  but 
restricting  X  In  J  testing  should  cause  few  difficulties.  X  is  made  variable 
In  K  testing  mainly  for  load  efficiency,  but  if  substantial  plasticity  is 
allowed  as  In  J  testing,  load  efficiency  is  not  as  important.  Thus,  we 
restrict  our  thinking  to  A(T)  samples  with  X  =  0,  which  has  the  further 
experimental  advantage  In  displacement  measurement  as  the  load  line 
Intersects  the  crack  mouth. 


To  determine  J  for  the  arc-tension  sample,  we  proceed  In  the  manner 
outlined  by  Merkle  and  Corten  (ref  1)  as  modified  by  Clarke  and  Landes  (ref 
2).  Under  fully  plastic  conditions  on  the  uncracked  ligament,  the  load- 
displacement  trace  Is  Idealized  as  shown  In  Figure  2,  and  J  Is  (Equation  9, 


Reference  2) : 


2  1+0  (l-2a-a2) 

”  bB  +  o2  “  “(l+o^p"^ 


2a  (l-2a-a2) 

+ - P*  &r  +  G 

bB  (l+a2)2 


2  1+0  (l-2a-a2) 

- [ - 5  +  o - ^e 

bB  l+o2  (l+o2)2  ® 


where  b  and  B  are  as  shown  In  Figure  1;  A»j,  P*,  Sj«  and  Ag  are  from  Figure  2; 

G  Is  the  elastic  energy  release  rate,  and 

o  -  2((a/b)2  +  a/b  +  l/2)l/2  -  2(a/b  +  1/2)  (2: 

where  a  Is  the  crack  length  as  shown  In  Figure  1. 

Equation  (1)  Is  too  cumbersome  to  be  useful  experimentally.  The  first 
step  In  simplifying  the  equation  Is  to  assime  that  the  higher  order  terras 
Involving  A(j<  and  P*6q<  cancel: 

2A'j  i+g  2Ae  i+a  a(l-2o-a^) 

^  bB  1+0^  ^  °  bB  ^l+o2  ^  ’(l+a2)2 

It  Is  convenient  to  represent  G  In  terms  of  the  elastic  area  Ag.  It  can 
be  shown  that  (refs  1,2): 


^Merkle,  J.  G.  and  Corten,  H.  T.,  J.  of  Pressure  Vessel  Technology,  Trans. 
ASME,  Vol.  96,  November  1974,  pp.  286-292. 

^Clarke,  G.  A.  and  Landes,  J.  D.,  Journal  of  Testing  and  Evaluation,  Vol.  7, 
No.  5,  September  1979,  pp.  264-269. 


(4) 


k(l-a/w)Y2  2Ae 
^  EB  ^  Bb 


where 

KB»^ 

^  P 

and  k  is  the  elastic  stiffness  of  the  specimen  or  the  Initial  slope  of  the 
load-displacement  record,  K  Is  the  stress  Intensity  factor,  and  E  Is  the 
elastic  modulus.  Finally,  we  can  write  Eq.  (3)  In  the  simple  form 

2A<p  2Ag 

J  =  Xi - +  ^2 - 

^  Bb  Bb 


1+a 

l+a2 


k(l-a/w)Y2 

X2  - - 

EB 


0(1-2  a- a^) 

"  (H  +  "7r“~2T“"^ 

(1-0^)  o^ 


(5) 


(6) 


(7) 


These  equations  are  the  same  equations  that  were  developed  for  the  C(T) 
sample  (refs  1,2).  However,  In  the  C(T)  sample  when  a/w  Is  0.5  or  larger, 

^2  is  negligible.  This  Is  not  the  case  with  the  arc-tension  sample.  We 
evaluate  X2  by  using  wide-range  expressions  fit  to  numerical  stress  analysis 
results  (refs  3,4). 


^Merkle,  J.  G.  and  Corten,  H.  T.,  J.  of  Pressure  Vessel  Technology,  Trans. 
ASME,  Vol.  96,  November  1974,  pp.  286-292. 

^Clarke,  G.  A.  and  Landes,  J.  D. ,  Journal  of  Testing  and  Evaluation,  Vol.  7, 
No.  5,  September  1979,  pp.  264-269. 

^Kapp,  J.  A.,  Newman,  J.  C.,  Jr.,  and  Underwood,  J.  H. ,  Journal  of  Testing  and 
Evaluation,  Vol.  8,  No.  6,  November  1980,  pp.  314-317. 

^Kapp,  J.  A.,  Leger,  G.  S.,  and  Gross,  Bernard,  "Wide  Range  Displacement 
Expressions  for  Standard  Fracture  Toughness  Specimens,”  Fracture  *-lechanlcs; 
16th  Symposium.  (M.  F.  Kannlnen  and  A.  T.  Hopper,  eds.),  ASTM  STP  868,  ASTM, 
Philadelphia,  PA,  1985. 


mmi 


p 


[3  x/w  +  1.9  +  1.1  a/w][l  +  0.25(1  -  a/w) 2(l-Ri/R2)]f(a/w)  (8 


f(a/w)  -  ((a/w)l/2/(l-a/w)3/2)(3.74  -  6.30  a/w  +  6.32(a/w)2  -  2.43(a/w)3) 

P  EB(l-a/w) 2 

6  (2  x/w  +  1  +  a/w)F(a/w,ri/r2) 


F(a/w,Ri/R2)  -  [0.34  +  13.75  a/w  -  12.67(a/w)2+  6.47(a/w)2 
+  (l-a/w)0-05(i«R^/R2)(0.8-0.5  R1/R2)] 

To  compare  Che  quantities  necessary  to  determine  J,  It  Is  convenient  to 
use  the  following  notation: 


1+a 


0(1-2  ct-a2) 

X*  - - - 

(l+o2)2 

^  k(l-a/w)Y2 

EB 

These  quantities  are  computed  for  various  R1/R2  and  comparisons  made  In 
Table  I.  The  tabulation  shows  that  In  the  crack  length  range  Important  to  Jj, 
testing  a/w  >  0.45,  X2  Is  not  negligible.  Indeed,  should  be  a  significant 
portion  of  A.J.,  neglecting  to  account  for  this  elastic  portion  of  J  would 
Introduce  errors  approaching  20  percent.  Therefore,  unlike  testing  with 
C(T)  samples,  we  must  Include  the  contribution  of  Ag  to  obtain  an  accurate 
measurement  of  J  when  using  A(T)  specimens. 


TABLE  I.  COMPARISON  OF  THE  QUANTITIES  USED  TO  DETERMINE  J 
FOR  THE  ARC-TENSION,  X/W  -  0  SAMPLE 

R1/R2  -  0.91 


a/w 

1 

1 

1 

1 

X* 

1 

1 

1 

1 

1 

1 

Xg/Xj 

1 

1 

^2 

0.3000 

1 

1 

1.1773 

1 

1 

0.0963 

1 

1 

1.2736 

1 

1 

1.8404 

1 

1 

1.4450 

1 

1 

0.5668 

0.3500 

I 

1.1674 

1 

0.1013 

1 

1.2687 

1 

1.7164 

1 

1.3528 

1 

0.4476 

0.4000 

1 

1.1565 

1 

0.1034 

1 

1.2600 

1 

1.6092 

1 

1.2772 

1 

0.3492 

0.4500 

1 

1.1448 

1 

0.1029 

1 

1.2477 

1 

1.5183 

1 

1.2169 

1 

0.2706 

0.5000 

1 

1.1325 

1 

0.1000 

1 

1.2325 

1 

1.4423 

1 

1.1703 

1 

0.20  9 

0.5500 

1 

1.1196 

1 

0.0950 

1 

1.2146 

1 

1.3793 

1 

1.1356 

1 

0.1647 

0.6000 

1 

1.1063 

1 

0.0882 

1 

1.1946 

1 

1.3271 

1 

1.1110 

1 

0.1326 

0.6500 

1 

1.0929 

1 

0.0800 

1 

1.1728 

1 

1.2835 

1 

1.0944 

1 

0.1107 

0.7000 

1 

1.0793 

1 

0.0705 

1 

1.1498 

1 

1.2459 

1 

1.0837 

I 

0.0962 

0.7500 

1 

1.0657 

1 

0.0600 

1 

1.1257 

1 

1.2120 

1 

1.0766 

1 

0.0863 

0.8000 

1 

1.0522 

1 

0.0488 

1 

1.1009 

1 

1.1790 

1 

1.0709 

1 

0.0780 

R1/R2  =  0.67 


a/w 

1 

1 

^1 

1 

1 

X* 

1 

1 

1 

1 

Xg 

1 

1 

Xg/  Xj 

1 

1 

^2 

0.3000 

1 

I 

1.1773 

1 

1 

0.0963 

1 

1 

1.2736 

1 

1 

1.8850 

1 

1 

1.4800 

1 

1 

0.6114 

0.3500 

1 

1.1674 

1 

0.1013 

1 

1.2687 

1 

1.7501 

1 

1.3794 

1 

0.4814 

0.4000 

1 

1.1565 

1 

0.1034 

1 

1.2600 

1 

1.6332 

1 

1.2962 

1 

0.3732 

0.4500 

I 

1.1448 

1 

0.1029 

1 

1.2477 

1 

1.5338 

1 

1.2293 

1 

0.2861 

0.5000 

1 

1.1325 

1 

0.1000 

1 

1.2325 

1 

1.4505 

1 

1.1769 

1 

0.2182 

0.5500 

1 

1.1196 

1 

0.0950 

1 

1.2146 

1 

1.3814 

1 

1.1373 

1 

0.1668 

0.6000 

1 

1.1063 

1 

0.0882 

1 

1.1946 

1 

1.3241 

1 

1.1085 

1 

0.1296 

0.6500 

1 

1.0929 

1 

0.0800 

1 

1.1728 

1 

1.2763 

1 

1.0883 

1 

0.1035 

0.7000 

1 

1.0793 

I 

0.0705 

1 

1.1498 

1 

1.2355 

1 

1.0746 

1 

0.0857 

0.7500 

1 

1.0657 

1 

0.0600 

1 

1.1257 

1 

1.1991 

1 

1.0652 

1 

0.0734 

0.8000 

1 

1.0522 

1 

0.0488 

I 

1.1009 

1 

1.1644 

1 

1.0576 

1 

0.0634 

TABLE  I.  COMPARISON  OF  THE  QUANTITIES  USED  TO  DETERMINE  J 


FOR  THE  ARC-TENSION,  X/W  -  0  SAMPLE  (CONT'D) 


R1/R2  -  0.5 


T 

1 

1 

a/w 

1 

1 

1 

T 

1 

1 

X* 

T 

1 

1 

T 

1 

1 

T 

1 

1 

Xg/  Xj 

1 

1 

1 

X2 

1 

1 

1 

0.3000 

r 

1 

1.1773 

I 

1 

0.0963 

T 

1 

1.2736 

T 

1 

1.8987 

T 

1 

1.4908 

T 

1 

0.6251 

T 

1 

0.3500 

1 

1.1674 

1 

0.1013 

1 

1.2687 

1 

1.7591 

1 

1.3865 

1 

0.4904 

1 

0.4000 

1 

1.1565 

1 

0.1034 

1 

1.2600 

1 

1.6375 

1 

1.2997 

1 

0.3776 

1 

0.4500 

1 

1.1448 

1 

0.1029 

1 

1.2477 

1 

1.5339 

1 

1.2294 

1 

0.2862 

1 

0.5000 

1 

1.1325 

1 

0.1000 

1 

1.2325 

1 

1.4469 

I 

1.1740 

1 

0.2145 

1 

0.5500 

1 

1.1196 

1 

0.0950 

1 

1.2146 

1 

1.3746 

1 

1.1318 

1 

0.1600 

1 

0.6000 

1 

1.1063 

1 

0.0882 

1 

1.1946 

1 

1.3147 

1 

1.1006 

1 

0.1201 

1 

0.6500 

1 

1.0929 

1 

0.0800 

1 

1.1728 

1 

1.2648 

1 

1.0784 

1 

0.0919 

1 

0.7000 

1 

1.0793 

1 

0.0705 

1 

1.1498 

1 

1.2223 

1 

1.0631 

1 

0.0725 

1 

0.7500 

I 

1.0657 

1 

0.0600 

1 

1.1257 

1 

1.1846 

1 

1.0524 

! 

0.0590 

1 

0.8000 

I 

1.0522 

1 

0.0488 

1 

1.1009 

1 

1.1493 

1 

1.0439 

1 

0.0484 

r 

1 

1 

R1/R2  -  0. 

4 

1 

r 

1 

1 

a/w 

T 

I 

1 

^1 

T 

1 

1 

X* 

T 

1 

1 

T 

1 

1 

T 

1 

1 

T 

1 

1 

^2 

1 

r 

1 

0.3000 

r 

1 

1.1773 

T 

1 

0.0963 

T 

1 

1.2736 

T 

1 

1.9007 

T 

1 

1.4923 

T 

1 

0.6270 

1 

I 

0.3500 

1 

1.1674 

1 

0.1013 

1 

1.2687 

1 

1.7593 

1 

1.3867 

1 

0.4906 

1 

0.4000 

1 

1.1565 

i 

0.1034 

1 

1.2600 

1 

1.6357 

1 

1.2982 

1 

0.3757 

1 

0.4500 

1 

1.1448 

I 

0.1029 

1 

1.2477 

1 

1.5302 

1 

1.2263 

1 

0.2824 

I 

0.5000 

1 

1.1325 

1 

0.1000 

1 

1.2325 

1 

1.4414 

1 

1.1696 

1 

0.2090 

1 

0.5500 

1 

1.1196 

1 

0.0950 

1 

1.2146 

1 

1.3676 

1 

1.1260 

1 

0.1530 

1 

0.6000 

1 

1.1063 

1 

0.0882 

1 

1.1946 

1 

1.3064 

1 

1.0936 

1 

0.1118 

1 

0.6500 

1 

1.0929 

1 

0.0800 

1 

1.1728 

1 

1.2554 

1 

1.0704 

1 

0.0826 

1 

0.7000 

1 

1.0793 

1 

0.0705 

1 

1.1498 

1 

1.2121 

1 

1.0543 

1 

0.0624 

1 

0.7500 

I 

1.0657 

1 

0.0600 

1 

1.1257 

1 

1.1740 

1 

1.0429 

1 

0.0483 

1 

0.8000 

1 

1.0522 

1 

0.0488 

1 

1.1009 

1 

1.1385 

1 

1.0341 

1 

0.0375 

Although  ^2  could  be  calculated  from  Eqs.  (8)  and  (9),  significant 
computation  is  involved.  Noting  that  X2  is  virtually  Independent  of  R]^/S.2>  ^ 
simple  polynomial  in  a/w  can  be  found  from  which  X2  is  more  easily  determined. 


Using  least  squares  the  polynomial  is: 

X2  -  1.919  -  6.235(a/w)  +  6.935(a/w)2  -  2.557(a/w)3  (10) 

In  the  range  of  0.5  <  a/w  <  0.6,  Eq.  (10)  agrees  with  the  computed  values  of 

X2  within  about  five  percent  for  Ri/R2  between  0.4  and  0.9. 

EXPERIMENTAL  PROCEDURE 

tests  were  performed  on  a  pressure  vessel  steel  and  an  aluminum  alloy 
using  both  A(T)  and  C(T)  samples.  Also,  both  methods  for  determining  crack 
growth  outlined  in  ASTM  Method  E-813  on  Jxc»  ^  Measure  of  Fracture  Toughness, 
(compliance  unloading  and  fracture  surface  measurement)  were  used.  The 
aluminum  alloy  used  was  6061-T651  supplied  in  rolled  sheet  form  0.5  inch  (1.27 
cm)  thick.  Specimens  were  obtained  such  that  the  L-T  direction  was  tested. 

The  compact  tension  samples  were  of  the  standard  geometry  with  thickness  (B) 
of  0.5  inch  (1.27  cm).  A(T)  samples  were  produced  such  that  the  outside 

radius  R2  was  2.0  inches  (5.08  cm)  and  the  inside  radius  R^  was  1.0  inch  (2.54 

cm).  The  pressure  vessel  steel  used  was  ASTM  A-723  grade  1,  class  4. 

Specimens  were  obtained  from  a  long  hollow  cylindrical  forging  which  had  an 
outside  radius  of  4.6  inches  (11.7  cm)  and  an  Inside  radius  of  1.9  inches  (4.8 
cm).  Samples  were  obtained  in  the  C-R  orientation  with  through  thickness,  B, 
dimension  of  1.35  Inches  (3.4  cm).  After  testing  the  A(T)  specimens,  C(T) 
samples  were  machined  from  one  of  the  broken  halves  of  the  A(T)  sample.  The 
largest  possible  sample  was  obtained,  one  with  through  thickness  (B)  of  0.8 
i nch  (2.3  cm) . 
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RESULTS  AND  DISCUSSION 


The  results  of  the  testing  of  these  samples  appear  In  Figures  3  through 
6.  The  results  from  the  pressure  vessel  steel  (Figures  3  and  4)  suggest  very 
little  difference  In  by  using  different  samples.  With  the  multlspeclmen 
method  (Figure  3) ,  the  slope  of  the  resistance  curve  Is  the  same  for  either 
sample,  but  the  Intersection  with  the  blunting  line  Is  somewhat  greater  when 
using  compact  tension  samples.  Although  appears  to  be  affected  by  the 
specimen,  the  difference  between  the  two  test  results  can  be  easily  attributed 
to  scatter.  With  compliance  unloading  (Figure  4),  more  variation  Is  evident. 
The  two  resistance  curves  from  the  arc-tension  samples  are  approximately 
parallel  but  offset  such  that  different  values  of  were  obtained. 

Comparing  these  to  the  two  curves  generated  using  compact  tension  samples,  we 
find  that  the  least  squares  fit  to  these  data  gives  a  slope  which  Is 
substantially  steeper  than  those  obtained  with  arc-tension  samples.  The 
values  obtained  from  these  tests  are  very  close  (76  kJ/m^  and  81  kJ/m^)  and 
compare  very  favorably  with  one  of  the  two  arc-tension  sample  measure¬ 
ments.  Again,  one  might  consider  the  differences  as  the  result  of  using 
different  specimen  geoemtrles,  but  It  Is  safe  to  account  for  these  differences 
as  material  scatter. 

Comparing  the  results  of  testing  the  606I-T6S1  aluminum  alloy  also  shows 
little  or  no  difference  between  arc-tension  and  compact  tension  samples.  With 
multlspeclmen  testing  (Figure  3),  essentially  the  same  resistance  curve  was 
obtained  using  either  sample  geometry.  The  least  squares  lines  fit  to  these 
data  gives  a  small  difference  In  slope  and  somewhat  different  Jxc  value,  but 
again  these  differences  are  material  property  scatter.  With  compliance 


unloading,  similar  to  the  steel  results,  more  scatter  was  observed.  All  of 
the  resistance  curves  had  essentially  the  same  slopes,  but  •^Ic  varied  a  great 
deal  with  these  specimens.  The  two  compact  tension  values  agreed  very 
well,  but  the  two  arc-tension  samples  differed  substantially,  although  the 
average  of  the  two  compact  tension  values  compared  very  well  with  the  average 
of  the  two  arc-tension  values. 

For  further  comparison,  the  results  are  presented  In  Table  II.  For 
each  material  and  specimen  type,  the  three  values  generated  (one  by  the 
multlspeclmen  method  and  two  by  the  compliance  unloading  method)  are  treated 
as  a  single  statistical  population.  The  mean  value  and  standard  deviation  are 
given  for  each  population.  It  Is  clear  that  the  mean  value  of  from  the 
A(T)  and  C(T)  specimens  of  pressure  vessel  steel  Is  essentially  the  same, 
although  there  seems  to  be  somewhat  more  scatter  generated  when  the  A(T) 
specimens  are  used.  The  reason  for  the  scatter  cannot  be  established  at  this 
time.  Further  testing  would  be  required  to  determine  if  the  difference  is  due 
to  specimen  geometry  or  natural  material  scatter.  The  same  can  be  stated  for 
the  aluminum.  Reasonable  agreement  between  the  mean  values  of  from  either 
specimen  type  was  observed,  but  as  In  the  case  of  the  aluminum  tests,  scatter 
Is  much  greater  when  A(T)  samples  are  used  than  when  C(T)  samples  are  used. 
Again,  whether  the  cause  of  the  scatter  Is  the  specimen  geometry  or  material 
related.  It  would  have  to  be  determined  by  testing  a  larger  number  of 
specimens. 

Regardless  of  the  reasons  for  Increased  scatter  in  the  Jjg  results  from 
A(T)  samples  versus  C(T)  samples.  It  Is  encouraging  that  the  mean  values  of 
Jlc  for  two  different  materials  are  about  the  same  using  both  A(T)  and  C(T) 
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samples.  Further  testing  should  be  performed,  perhaps  in  coordination  with 
Task.  Group  E24.08.04  as  a  laboratory  round  robin  to  establish  If  the  A(T) 


sample  should  be  Included  In  later  versions  of  ASTM  Method  E-813  on  ^xc*  ^ 
Measure  of  Fracture  Toughness. 


TABLE  II.  STATISTICAL  COMPARISON  OF  Jj^.  MEASURED 
WITH  BOTH  A(T)  AND  C(T)  SAMPLES 


1  i  r 

1  1  Jt,  (kJ/n*)  1 

1  Material 

1 

1 

1 

r 

4(T)  1 

1 

C(T) 

1 

1 

1 

1  Pressure  Vessel 

1 

1 

1 

75  1 

86 

T 

1 

1  Steel 

1 

1 

1 

1 

1 

1 

1 

94  1 

1 

76 

1 

1 

1 

1 

1 

1 

1 

79  1 

1 

81 

1 

1 

1 

1 

1 

1 

1  Hr  an 

1 

82.6  1 

1 

81.0 

1 

1 

1 

1 

1 

1 

1  Standard 

1 

1 

1 

( 

] 

1  Deviation 

10.0  1 

5.0 

1 

1  6061-T651 

1 

7.9  1 

9.4 

1 

1  Alumlnvim 

1 

1 

1 

1 

1 

1 

1 

5.5  1 

8.6 

1 

1 

1 

1 

1 

1 

16.1  1 

1 

5.9 

1 

1 

1 

1 

1 

1 

1 

1  Mean 

1 

9.8  1 

1 

8.0 

1 

1 

1 

1 

1 

1  Standard 

5.56  1 

1.83 

1 

1 

1 

1  Deviation 

1 

1 

1 

1 

1 

SUMMARY  AND  CONCLUSIONS 


Analyses  and  tests  were  performed  to  determine  the  applicability  of  using 
A(T)  samples  for  J^c  testing.  The  analysis  showed  that  to  determine  J  for 
these  specimens,  a  more  Involved  calculation  Is  necessary,  namely,  J  must  be 
broken  Into  Its  elastic  and  plastic  components.  Two  areas  under  the  load 
displacement  curve  must  be  measured.  This  Is  more  complex  than  the  analysis 
Involved  with  compact  tension  samples,  but  the  additional  amount  of  analysis 
Involved  should  not  restrict  the  use  of  A(T)  samples.  measurements  were 

made  using  both  compact  tension  and  arc-tension  samples.  The  A(T)  sample 
should  be  considered  as  an  alternative  specimen  In  future  versions  of  ASTM 
Method  E-813  on  A  Measure  of  Fracture  Toughness. 


II 
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Figure  2.  Idealized  elastic-plastic  load-displacement  trace. 
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Figure  3.  Multispecioen  J-R  curves  for  A-723  pressure  vessel  steel. 
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Figure  6.  Compliance  unloading  J-R  curves  for  6061-T651  aluminum. 


TECHNICAL  REPORT  INTERNAL  DISTRIBUTION  LIST 


CHIEF,  DEVELOPMENT  ENGINEERING  BRANCH 
ATTN:  3MCAR-CCB-D 
-DA 
-DP 
-DR 

-DS  (SYSTEMS) 

-DS  (ICAS  GROUP) 

-DC 

-DM 

CHIEF,  ENGINEERING  SUPPORT  BRANCH 
ATTN:  SMCAR-CCB-S 
-SE 

CHIEF,  RESEARCH  BRANCH 
ATTN:  SMCAR-CCB-R 

-R  (ELLEN  FOGARTY) 

-RA 

-RM 

-RP 

-RT 


NO.  OF 
COPIES 


TECHNICAL  LIBRARY 

ATTN;  SMCAR-CCB-TL 

TECHNICAL  PUBLICATIONS  &  EDITING  UNIT 
ATTN:  SMCAR-CCB-TL 

DIRECTOR,  OPERATIONS  DIRECTORATE 

DIRECTOR,  PROCUREMENT  DIRECTORATE 

DIRECTOR,  PRODUCT  ASSURANCE  DIRECTORATE 


TECHNICAL  REPORT  EXTERNAL  DISTRIBUTION  LIST 


NO.  OF 
COPIES 

ASST  SEC  OF  THE  ARMY 

RESEARCH  &  DEVELOPMENT 

ATTN:  DEP  FOR  SCI  &  TECH  1 

THE  PENTAGON 

WASHINGTON,  D.C.  20315 

COMMANDER 

DEFENSE  TECHNICAL  INFO  CENTER 
ATTN:  DTIC-DDA  12 

CAMERON  STATION 
ALEXANDRIA,  VA  22314 

COMMANDER 

US  ARMY  MAT  DEV  &  READ  COMD 
ATTN:  DRCDE-SG  1 

5001  EISENHOWER  AVE 
ALEXANDRIA,  VA  22333 


COMMANDER 

ARMAMENT  RES  &  DEV  CTR 

US  ARMY  AMCCOM 

ATTN:  SMCAR-FS  1 

SMCAR-FSA  1 

SMCAR-FSM  1 

SMCAR-FSS  1 

SMCAR-AEE  1 

SMCAR-AES  1 

SMCAR-AET-0  (PLASTECH)  1 

SMCAR-MSI  (STINFO)  2 

DOVER,  NJ  07801 

DIRECTOR 

BALLISTICS  RESEARCH  LABORATORY 

ATTN:  AMXBR-TSB-S  (STINFO)  1 


ABERDEEN  PROVING  GROUND,  MD  21005 

MATERIEL  SYSTEMS  ANALYSIS  ACTV 
ATTN:  DRXSY-MP 

ABERDEEN  PROVING  GROUND,  MD  21005  1 


NO.  OF 
COPIES 

COMMANDER 
US  ARMY  AMCCOM 

ATTN:  SMCAR-ESP-L  1 

ROCK  ISLAND,  IL  61299 

COMMANDER 

ROCK  ISLAND  ARSENAL 

ATTN:  SMCRI-ENM  (MAT  SCI  DIV)  1 

ROCK  ISLAND,  IL  61299 

DIRECTOR 

US  ARMY  INDUSTRIAL  BASE  ENG  ACTV 
ATTN:  DRXIB-M  1 

ROCK  ISLAND,  IL  61299 

COMMANDER 

US  ARMY  TANK-AUTMV  R&D  COMD  1 

ATTN:  TECH  LIB  -  DRSTA-TSL 

WARREN,  MI  48090 

COMMANDER 

US  ARMY  TANK-AUTMV  COMD  1 

ATTN:  DRSTA-RC 

WARREN,  MI  48090 

COMMANDER 

US  MILITARY  ACADEMY 

ATTN: -  CHMN,  MECH  ENGR  DEPT  1 

WEST  POINT,  NY  10996 

US  ARMY  MISSILE  COMD 
REDSTONE  SCIENTIFIC  INFO  CTR  2 

ATTN:  DOCUMENTS  SECT,  BLDG.  4484 

REDSTONE  ARSENAL,  AL  35898 

COMMANDER 

US  ARMY  FGN  SCIENCE  &  TECH  CTR 
ATTN:  DRXST-SD  1 

220  7TH  STREET,  N.E. 

CHARLOTTESVILLE,  VA  22901 


NOTE:  PLEASE  NOTIFY  COMMANDER,  ARMAMENT  RESEARCH  AND  DEVELOPMENT  CENTER, 
US  ARMY  AMCCOM,  ATTN:  BENET  WEAPONS  LABORATORY,  SMCAR-CCB-TL, 
WATERVLIET,  NY  12189,  OF  ANY  ADDRESS  CHANGES. 


TECHNICAL  REPORT  EXTERNAL  DISTRIBUTION  LIST  (CONT'D) 


NO.  OF 
COPIES 


COMMANDER 
US  ARMY  LABCOM 
MATERIALS  TECHNOLOGY  LAB 
ATTN:  SLCMT-II'IL 
WATERTOWN,  MA  01272 

COMMANDER 

US  ARMY  RESEARCH  OFFICE 
ATTN:  CHIEF,  IPO 
P.O.  BOX  12211 

RESEARCH  TRIANGLE  PARK,  NC  27709 
COMMANDER 

US  ARMY  HARRY  DIAMOND  LAB 
ATTN:  TECH  LIB 
2800  POWDER  MILL  ROAD 
ADELPHIA,  MD  20783 

COMMANDER 

NAVAL  SURFACE  WEAPONS  CTR 
ATTN:  TECHNICAL  LIBRARY 
CODE  X212 

DAilLGREN,  VA  22448 


DIRECTOR 

US  NAVAL  RESEARCH  LAB 
2  ATTN:  DIR,  MECH  DIV 

CODE  26-27,  (DOC  LIB) 
WASHINGTON,  D.C.  20375 

COMMANDER 

AIR  FORCE  ARMAMENT  LABORATORY 
1  ATTN:  AFATL/DLJ 

AFATL/DLJG 
EGLIN  AFB,  FL  32542 

METALS  &  CERAMICS  INFO  CTR 
BATTELLE  COLUMBUS  LAB 
1  505  KING  AVENUE 

COLUMBUS,  OH  43201 


1 


NOTE:  PLEASE  NOTIFY  COMMANDER,  ARMAMENT  RESEARCH  AND  DEVELOPMENT  CENTER, 
US  ARMY  AMCCOM,  ATTN:  BENET  WEAPONS  LABORATORY,  SMCAR-CCB-TL , 
WATERVLIET,  NY  12189,  OF  ANY  ADDRESS  CHANGES. 


NO.  OF 
COPIES 


1 

1 


1 

1 


1 


